(From the Department of Medicine of the Johns Hopkins Medical School, Baltimore.)
(Received for publication, May 2, 1925.) As a result of his studies in apes experimentally infected with syphilis, Neisser (1) concluded that failure to reinoculate a syphilitic animal, whether treated or untreated, indicated the existence of the first infection, and that a successful reinoculation, on the other hand, indicated that the first infection had been eradicated. He, therefore, considered the reinoculation test as a valid criterion of cure in experimental syphilis in apes. His view has been accepted by Kolle (2) and others, although Uhlenhuth and Mulzer (3) are doubtful if the method may be applied to rabbits.
In a previous communication (4) we reported experiments which cast some doubt upon the validity of the reinoculation test in rabbits as a n index of cure. Briefly, it was shown that syphilitic rabbits treated late in the course of the infection, at a time when all the signs of activity of the disease had disappeared, could with appropriate treatment be rendered sterile so far as their lymph nodes were concerned, but, nevertheless, were refractory to a second (intracutaneous) inoculation. If one were to judge by the behavior of the lymph nodes in these treated animals, they had been freed of the infection, whereas, if one were to use the reinoculation test as a criterion of cure, it would have to be assumed that treatment had been ineffectual in eradicating the infection. In order to reconcile these apparently discrepant results the explanation was advanced that perhaps the failure to reinoculate a treated syphilitic rabbit was due not to the presence of a still existing uncured infection but to the presence of a resistance which the animal had acquired as the result of the infection and which persisted after its abolition through treatment. It seemed 1~ EXPERIMENTAL SYPHILIS. III advisable to obtain more information upon this question, if possible, b y determining the behavior toward reinoculation of syphilitic animals treated early in the course of the disease and that of animals treated late, together with a determination of the infectivity of the lymph nodes just prior to, and also a considerable time after reinoculation.
KoUe (2, 5) has carried out an extensive series of reinoculations in treated and untreated syphilitic rabbits. In brief, he found that if treatment is begun up to 45 days after the first inoculation, the animals are susceptible to a second infection (reinoculation). If treatment is begun between the 45th and the 90th days, reinoculation yields variable results, whereas, if it is not begun until after the 90th day, the animals are uniformly insusceptible to a second infection. Whether treatment was prolonged or not made no difference. He interpreted these results as indicating that cure of syphilis in the rabbit is regularly accomplished if treatment is begun before the 45th day after inoculation, is questionable if it be instituted as late as the period between the 45th and 90th days of the disease, and is impossible if it be postponed until after the 90th day. Similar results have been obtained by Frei (6) .
As will be seen, our experiments parallel those of Kolle very closely in their results, particularly as regards the relationship between reinoculability and time at which antisyphilitic t r e a t m e n t is begun. However, they contain additional data which a p p e a r to contradict the interpretation advanced b y him, and indicate t h a t failure to reinoculate a treated syphilitic rabbit should perhaps more properly be regarded as an expression of resistance to infection and m a y not necessarily m e a n the persistence of the first infection.
EXPERIMENTAL.
Experiment/.--This experiment comprised six groups of adult male rabbits of various breeds. Care was taken to distribute representatives of various breeds in the different groups. All groups were inoculated intratesticularly with the Nichols strain of Treponema pallidum. Four groups (A, C, D, E) were treated in exactly the same manner; namely, with six weekly intravenous injections of arsphenamine, the individual dose being 10 rag. per kilo.
Group Groups D and E each comprised more animals at the beginning of the experiment but several animals were lost through an intercurrent infection.
At least 49 days after the completion of treatment a single popliteal node was excised under ether anesthesia from each o~ the animals in Groups A, B, and C, emulsified in physiological saline solution, and injected intratesticularly into each of two normal rabbits. The entire amount of emulsion was utilized. Following this procedure all the animals in these three groups were reinoculated with an emulsion of syphilitic rabbit testis containing numerous actively motile treponemata. The minimum time interval between the end of treatment and reinoculation was 53 days. Previous experiments had shown that this time interval was more than sufficient to allow the effects of treatment to wear off.
Reinoculations were made in each of two ways: (a) by intracutaneous inoculation at the base of the ear, and (b) by inoculation of the opposite testicle from that originally infected. Five rabbits (Group F) were used to control the virus used for reinoculation. Of the four animals in the untreated group, three had developed metastatic orchitis prior to reinoculation, likewise of the four surviving animals in the late treated group, three had developed metastatic orchitis. At the time of reinoculation the metastatic orchitis had subsided. Reinoculations were, therefore, in six out of eight animals in these two groups, made in a testicle which had previously been the seat of a syphilitic inflammation. In the group treated early, no metastatic orchitis developed prior to reinoculation, so that reinoculations in this group were all made in testicles which gave no clinical evidence of ever having been the seat of syphilitic inflammation.
Following reinoculation all the animals were observed for a period of 90 days and at the end of that time the remaining popliteal node was excised under ether anesthesia and transferred to each of two normal animals in the manner described above. This was done in order to determine whether or not dissemination of the organisms had taken place and as a check upon the reinoculation itself, since it is conceivable that reinoculation might be effected without the appearance of any local lesion at the site of inoculation and could be recognized in such a case only by finding the organisms in some other part of the body. The results, as will be seen later, amply justified this precaution. Lymph node transfers were made at the same time in the case of some of the virus control animals (Group F), and in those which had been treated but not reinoculated (Groups D and E).
In judging of the success of reinoculation we have been guided by (1) the clinical lesions produced at the site Of inoculation, and (2) the results of the second lymph node transfer in the treated animals EXPERIMENTAL SYPttILIS. III only. A n animal was regarded as h a v i n g been successfully reinoculated if a characteristic lesion developed at the site of inoculation in which t r e p o n e m a t a could be d e m o n s t r a t e d , or if, in the case of the treated animals, the second l y m p h node transfer carried o u t after reinoculation was positive, when the first l y m p h node transfer m a d e prior to reinoculation was negative.
All animals to which l y m p h node transfers were m a d e were observed for 90 days before being discarded as negative.
T h e results of the experiment are shown in Table I .
T h e d a t a presented in T a b l e I m a y be briefly s u m m a r i z e d as follows:
Group A.--Treatment early in the course of the disease (49th day) was sufficient to abolish lymph node infection. Four of the five animals upon reinoculation showed characteristic clinical lesions containing treponemata at one or other of the sites of inoculation, and all of them showed popliteal node infection, indicating that there had been generalization of the infection in all. In the four animals in which characteristic clinical lesions developed at the site of inoculation after the usual incubation period, the lesions went through the ordinary clinical course as observed in normal animals, healing spontaneously in time, and in two of these animals metastatic lesions in respect of keratitis developed. In the remaining animal no macroscopic lesion developed in the testicle but a questionable lesion occurred in the skin of the ear. No treponemata could be demonstrated in this lesion. In accordance with the criteria of a successful reinoculation, as outlined above, we have regarded the incidence of successful reinoculation in this group as being 100 per cent.
Group B.--In this, the untreated group, the first popliteal node transfer was positive in each animal, indicating the persistence of the original infection. All of the animals in this group were refractory to the second inoculation, and three of the four showed infected popliteal nodes at the time of the second transfer, which was 360 to 420 days after inoculation.
Group C.--In this group of five animals treated late in the course of the disease, lymph node infection was abolished in all. Unfortunately one of the animals was lost through pneumonia, so that only four were available for reinoculation, but all these proved refractory to a second infection so far as the production of a characteristic clinical lesion at the site of inoculation was concerned. However, one of these animals showed the presence of lymph node infection which was probably the result of the second inoculation. We have regarded this as evidence of successful reinoculation and. have, therefore, considered that the incidence of successful reinoculations in this group was 25 per cent.
Group D.--All of the animals in this group, which constituted a control on Group A, and were not reinoculated, gave negative lymph node transfers 275 days after treatment. Group E.--AII of the animals in this group, which constituted a control orr Group C, and were not reinoculated, likewise gave negative lymph node transfers 143 days after treatment was ended.
Group F. Virus Controls.--In all of the animals in this group characteristic syphilitic orchitis developed in the usual manner and time. Lymph node transfer was carried out in three of the five animals 90 days after infection and proved to be positive in each instance.
S u m m a r y . --R a b b i t s treated with arsphenamine early in the course
of the infection, t h a t is to say 49 to 50 days after inoculation, were rendered free of popliteal lymph node infection and were found to b e uniformly susceptible to a second infection. R a b b i t s treated late in the course of the disease, 181 to 291 days after inoculation, were rendered free of lymph node infection b u t were refractory to a second infection in 75 per cent of the cases. U n t r e a t e d syphilitic r a b b i t s were found to exhibit l y m p h node infection 265 to 420 days after inoculation and to be uniformly refractory to a second infection. In animals treated either early or late in the course of the infection b u t not reinoculated, lymph nodes were found to be sterile as late as 275 days after the last dose of arsphenamine.
The results obtained in this experiment s~eemed to justify repetition upon a larger scale and, accordingly, a similar experiment was carried out, with larger groups of animals. The protocol follows.
Experiment 2.--Five groups of animals of various breeds were used. They were all inoculated intratesticularly with an emulsion of syphilitic rabbit's testis. The strain used was the same throughout; namely, the Nichols strain.
Group In this experiment, treatment controls were eliminated since the previous, experiment had shown that sterility of the lymph nodes produced by treatment persists for the duration of the experiment. In addition, Wassermann reactions were carried out on the animals at frequent intervals. In all of the animals in Group A the Wassermann reaction was positive when treatment was begun and became negative before it was completed. In Groups B and C the Wassermann reaction was negative in each animal at the beginning of treatment. 1
1 The technique employed in performing the Wassermann reaction in this experiment will not be presented here owing to lack of space. In a forthcoming Treatment was the same as in the preceding experiment; namely, six intravenous doses of arsphenamine at weekly intervals, the single dose being 10 mg. per kilo of body weight. At the end of 49 days after the last dose of arsphenamine a single popliteal lymph node was removed under ether anesthesia from each animal in Groups A, B, and C, emulsified in salt solution and the emulsion transferred to the testes of two normal rabbits. The entire amount of the emulsion was utilized. 69 days after treatment was ended the first series of reinoculations was made. In this series inoculations were made intracutaneously at the base of the ear and also in the uninoculated testicle, the virulence of the virus being controlled with four normal rabbits (Group D). Of the eight animals in the early treated group only one had developed metastatic orchitis by the time treatment was begun, so that in this group reinoculations were made into a previously infected testis in one instance out of seven. In the late treated group metastatic .orchitis had developed in five out of nine animals and had subsided before the beginning of treatment. Thus, the reinoculations in this group were made into a previously infected testicle in five out of nine instances. In the untreated group metastatic orchitis had been present in half of the animals but had subsided prior to the second inoculation.
39 days after relnoculation such animals as had not shown any clinical signs of a successful" take" were inoculated a second time, this time in the uninoculated testicle only. This second reinoculafion was carried out in order to give those animals that had not developed clinical signs of a second infection an additional opportunity to do so. The virus used in the second attempt at reinoculation was controlled by two normal rabbits (Group E). 90 days after the first reinoculation the remaining popliteal node was removed under ether anesthesia from all the animals subjected to reinoculation and from several of the virus control animals. It was transferred to two normal rabbits in the manner already described. All animals to which lymph node transfers were made were observed for a period of 90 days before discarding them as negative.
The results of this experiment are shown in Table II.  Table I I shows that, as a result of treatment, lymph node infection was :abolished in all of the animals in the early treated group. I n this group the incidence of clinical lesions produced at the site of reinoculation Was low, but all the animals developed positive Wassermann reactions and in seven out of eight, the second lymph node transfer was positive. We have, therefore, considered the incidence paper in this series it will be given in full together with our experience with the test in rabbit syphilis. It will suffice to say at this point that under proper precautions the Wassermann reaction is almost never positive in normal rabbits, whereas it is a remarkably constant finding in early active untreated syphilis of the rabbit. Syphilis could, therefore, not be proved to be present in this animal, consequently reinoculation was regarded as negative.
In the untreated group lymph node infection was present in three out of four animals just prior to reinoculation. In none of these animals was there any clinical evidence of a successful reinoculation. The second node transfer was negative in three out of four of the animals in this group. In the one animal (No. 37) in which it was positive, a recurrent positive Wassermann reaction developed after reinoculation. In this arIimal the course of the original infection was a relatively stormy one. The early lesions were numerous and extensive and there was a marked tendency to the development of large generalized lesions. In fact, this animal exhibited at one time or another skin, bone, and corneal lesions and constituted an excellent example of malignant syphilis in the rabbit.
In the late treated group, lymph node infection was abolished b y treatment in all nine animals. In none of these animals was there the remotest sign of syphilitic infection at the site of reinoculation. None of the animals developed a positive Wassermann reaction subsequent to reinoculation and in all of them the lymph node transfer after reinoculation was negative. In one animal, No. 44, keratitis appeared 99 days after reinoculation. The cause for this keratitis is not clear. The affected eye was enucleated under ether anesthesia, the inflamed cornea excised, minced with scissors, and emulsified in physiological salt solution. The emulsion was examined for Treponema pallidum with dark-field illumination with negative result.
It was then inoculated into the testes of two normal rabbits. Neither of these animals showed signs of syphilitic orchitis within 90 days. There is no proof, therefore, that this keratitis was syphilitic in origin, although it may have been. Inasmuch as the proof was not forthcoming and second lymph node transfer was negative, we have considered that this animal was not successfully reinoculated. The incidence of successful reinoculations in the late treated group was, therefore, considered to be 0 per cent, notwithstanding the fact that reinoculations were made once in the skin at the base of the ear and twice in the uninoculated testicle.
In the virus controls syphilitic orchitis developed in all the animals in the usual manner, but no lesions appeared in the ear. All of the animals developed positive Wassermann reactions and subsequent lymph node transfer was positive in three of the four virus control animals in which it was carried out.
The results of these two analogous experiments have been combined and presented in Table III . Table III shows that of thirteen rabbits treated early in the course of syphilitic infection, that is to say 41 to 50 days after inoculation, lymph node infection was abolished in all. In twelve of the thirteen, or 92.3 per cent, reinoculations were successful. Of the thirteen rabbits treated late in the course of the disease, 180 to 193 days after inoculation, lymph node infection was likewise abolished in
Combined Results of Experiments i and 2.
Group.
No. of 92.3 loo all, but reinoculations were successful in only one of the thirteen, or 7.7 per cent. In eight untreated animals lymph node infection was still present in seven, or 87.5 per cent, in one instance as late as 420 days after inoculation, and all of these animals were refractory to a second inoculation.
DISCUSSION.
The results of the foregoing experiments are clear-cut and confirm those previously reported by us. The behavior of the early and late treated rabbits toward reinoculation is in complete agreement with that observed by Kolle. The time at which treatment of syphilitic infection in the rabbit is inaugurated determines the behavior of the animal toward a second infection. If treatment is instituted early in the course of the infection, that is before the animal has had an opportunity to bring about the subsidence of the primary lesion, such an animal is susceptible to a second inoculation. On the other hand, if treatment is postponed until the animal has reacted to the disease, has brought about subsidence of the primary phenomena, and is in the stage of latency, then such an animal is almost always refractory to a second inoculation. Kolle, following the lead of Neisser, has taken the ground that this refractory state indicates that the animal has not been rid of its first infection by treatment, and concludes that it is impossible to cure syphilis in the rabbit with arsphenamine if the treatment is postponed as late as 90 days after inoculation. On the other hand, if it is instituted within 45 days after inoculation, cure is uniformly effected since such animals are uniformly susceptible to a second infection. In other words, he regards the reinoculation test as a satisfactory method for determining whether or not cure has been effected.
The results of lymph node transfer in our experiments indicate that perhaps the first infection may be eliminated by arsphenamine therapy no matter when the treatment is administered. We have found that lymph nodes of syphilitic rabbits treated with arsphenamine are uniformly rendered incapable of transmitting the infection to normal animals, no matter whether the treatment is begun early or late in the course of the disease. In not a single instance have we encountered lymph node infection in rabbits after treatment with arsphenamine. In this respect our results are exactly parallel to those of Nichols and Walker (7) .
In view of these results it seems proper again to raise the question whether or not the reinoculation method is a valid test of cure or failure to cure, and whether the infectivity of the lymph nodes is not perhaps a more valid criterion.
Neisser (1) laid the experimental basis for the view that the reinoculation test is a valid one for thedetermination of cure of syphilis. He reinoculated twenty-nine untreated syphilitic apes and did not obtain any evidence of syphilitic disease at the site of the second inoculation. The reinoculations were carried out at periods ranging from 27 to 645 days after the first inoculation. In some instances two and even three reinoculations were attempted in the same animal.
Nevertheless, all the animals were refractory to reinfection. In twenty-two of them syphilitic infection could be demonstrated by inoculating normal apes with internal organs. From this, Neisser properly concluded that the apparently immune animals were for the most part still infected. This fact, together with his observation that many syphilitic apes, treated with various antisyphilitic agents and assumed to be cured, were capable of being reinoculated, led him to conclude that there is no true immunity to syphilis and that the reinoculation test constitutes a valid criterion of cure. He assumed that the treated apes were freed of their syphilitic infection since organ transfer from many of those which were not reinoculated was negative. It should be noted that not a few of Neisser's animals were treated early in the course of the disease and that in no instance were reinoculation and organ transfer carried out with the same animal. Kolle has taken the same ground in interpreting the reinoculafion test in syphilitic rabbits, without, so far as we have been able to ascertain, carrying out any observations to determine whether or not the internal organs of treated syphilitic rabbits are infectious.
It seems to us that the reinoculation method tells only one thing; namely, whether or not the animal is refractory to a second infection. It does not necessarily follow that because a rabbit is refractory to a second infection by treponemata, that the first infection must needs be present. It may or it may not be. Finger (8) has said essentially the same thing. It is entirely possible, as Neisser himself stated, that an animal might be immune to a second inoculation in the absence of the first infection, but he admitted that he had never seen any evidence of it. The results of our experiments may be interpreted as indicating the existence of such an immunity in the absence of infection, and we are inclined to regard them in that light.
It must be admitted, however, that the possibility exists that abolition of lymph node infection by treatment does not necessarily mean that the syphilitic infection has been entirely eliminated. The treponemata in the lymph nodes may have all been killed by the therapeutic agent and yet there may still be loci of infection in the body which have not been reached. That phase of the problem has been investigated by us and the results of that investigation appear in the subsequent paper in this series.
The decision as to whether or not it is possible to bring about a biological cure of syphilis in the rabbit will depend, of course, upon the choice of criteria of cure. It is perhaps too early as yet to draw any definite conclusions as to which criterion is the more valid. Our experiments, several times repeated, have shown that the two methods of determining cure of this infection yield discrepant results in the same animal. Judged by the results obtained with the reinoculation method one would have to conclude with Kolle, and Frei as well, that cure of experimental syphilis in the rabbit is impossible if the treatment is begun late in the course of the disease. On the other hand, judged by the results obtained from a study of lymph nodes of treated animals, it is possible to cure the experimental infection no matter if treatment is postponed until 90 days or more after inoculation. It is clear that one or the other of these two criteria must be faulty.
Our experiments would also indicate that in judging whether or not reinoculation has been successful in rabbits, attention must be directed to factors other than the occurrence of a local syphilitic lesion at the site of reinoculation. This point has already been stressed by Brown and Pearce (9) . In both of our experiments there were observed, in the treated groups, animals in which no local lesion developed at the site of reinoculation. Subsequent lymph node transfer was, however, positive, and, furthermore, a positive Wassennann reaction developed after reinoculation, when previously it had been negative. To our minds this would indicate that it is possible, under certain conditions, to reinoculate a rabbit and produce a generalized second infection without producing any recognizable lesion at the portal of entry. It is well known that the same holds true for the first infection (10) . We have, therefore, come to the conclusion that before regarding any reinoculation in a treated syphilitic rabbit as negative, the lymph nodes must be transferred to normal rabbits. This view necessarily entails the use of many more rabbits in carrying out such work, but, in our opinion, it cannot be dispensed with.
SUM~M.ARY.
Syphilitic rabbits can be treated with arsphenamine in such a manner as to render the lymph nodes incapable of transmitting the infection to normal rabbits. This can be accomplished if treatment is begun either early or comparatively late in the course of the disease. If treatment is begun early, the animals are almost uniformly susceptible to a second infection, whereas, if it is begun late, they are almost uniformly refractory to a second infection. It is suggested that this refractory state in rabbits may be explained by the existence of an acquired immunity which persists after the abolition of the disease, rather than to the persistence of the first infection.
It would appear that it is possible under certain conditions to reinoculate rabbits and produce generalized infection without producing any lesion at the portal of entry.
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